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Molecular biology is one of the most important disciplines in the life sciences.
Since 1953, a revolution led by molecular biology has taken place and has resulted
in extensive implications in many fields of the biological sciences. A major impetus
behind this revolution is the development of powerful molecular biology techniques
that have led to innumerable exciting breakthroughs in understanding biological ac-
tivities and mechanisms. Currently, molecular biology techniques are being widely
used in all disciplines in the life sciences.

This guidebook, Essential Experiments for Molecular Biology: A Student’s Guide,
is designed to expose undergraduates to a set of standard, basic molecular biology
research techniques, including DNA extraction, electrophoresis, enzyme digestion,
PCR, DNA recombination, RNA manipulation, and molecular hybridization. Al-
though each can stand alone as an independent experiment, most of the experiments
are interrelated because the main body of this coursework is derived from an actual
research project. This type of course design allows students to obtain a systemic
concept of conducting biological research so that they can thereafter easily adapt
what they learn to real research projects. After finishing this course, students of vari-
ous majors will understand the fundamental principles of molecular biology tech-
niques and be able to use these methods or combine them with other skills to design
an integrated molecular biological experiment. This book is suitable for use in a one-
semester course for undergraduates (experiments 9-12 are optional) and as a refer-
ence book for postgraduates and researchers.

The preparation of the textbook is the result of collaborations with many coworkers
and teaching assistants over the years. The laboratory assistant Yingzi Li, Wen Peng
and teaching assistants Ying Tang, Qiang Zhou, Lu Zhou, Jian Yan, Ruiyan Wang and
Suping Zhang were instrumental in collecting and preparing materials during the ini-
tiation of this book. We thank Prof. Jinyuan Liu and Dr. Hongxiu Ning for the help
during the initiation of the course and thank our students who provided critical eval-
uations and suggestions. We are grateful for support from the Tsinghua University-
Peking University Joint Center for Life Sciences. We are especially indebted to the
guidance provided by Li Wang, Xinjing Gao and Higher Education Press. Special
thanks go to Dr. Kary Mullis for permission to use his photo. We would also like to

express our appreciation to all of the companies whose materials or information are
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used in this textbook (Agilent Technologies Genomics, EMD Millipore, Life Tech-
nology, TTANGEN, TAKARA, and Thermo Scientific). Some reprinted materials are
quoted and some instruction manuals, with necessary modification, are cited. The
related sources are indicated, and the references are listed at the end of this book.
Manuscript proofreading was in part provided by Prof. Ting Zhu before printing. We
thank him for his devotion and hard work.

Finally, we would like to say that despite all our efforts to complete this textbook,
it is inevitable that some inappropriate expressions or errors are included. Therefore,
any suggestions from readers will definitely be welcome so that we can make these

improvements in the next edition.

Shuping ZHANG
Peng LI
School of Life Sciences,

Tsinghua University



Experiment 1

Preparation of Plasmid DINAC i asse s sames s suims s sisai s its s ot s 5o oo aisias saays 1

Experiment 2

Restriction Enzyme Digestion and Agarose Gel Electrophoresis ..................... 12

Experiment 3

Polymerase ‘Chain Reaction (PCRY:us s sussusvusmi swamss snons e suss svss samas s sans 23
Experiment 4
DNA Purification and Construction of Recombinant DNA  ............ooiviiiiiiiiannn 36

Experiment 5

Preparation of Competent E, €oli Cells ... sussssassosnonssonsinmonsconsaosasssvas sawe 47
Experiment b

Transformation of Recombinant DNA  .ox.seaecsues susus s vsons smvms sasns e snwan sivns sons 52
Experiment 7

Identification and Characterization of Positive Clones .............oocovviviiiniineen. 58
Experiment 8

Isolation of Total RNA from Animal TiSSUES.........cc.vieiriiiiieiiiiiiiiiiiniinnenn. 61
Experiment 9

Moleculat HybtidizatiOn .« sumse s i s e s wmmis s ss suaan semmss s usas om0 70

Experiment 10

Reverse Transcription — Polymerase Chain Reaction (RT-PCR) and TA-cloning ...... 84



vi Contents

Experiment 11

Expression and Purification of a Fusion Protein from E. coli........................... 91

Experiment 12
Electrophoretic Mobility Gel Shift Assay (EMSA) to Detect DNA-Protein

1T P et (0 ) 1 1 101
Appendix I
Brief Introduction to the NCBI Database .............cooeiiiiiiiiiiiiiiiiiiinnnns 111

Appendix Il

Vector Information ..o 115
Appendix Il

Instructions on How to Use the Equipment ..., 118

3 0] =T =T 3 Ll =T 124



“Preparation of Plasmid DNA

€ Objectives

B [earn the characteristics of plasmid DNA
B Understand the principles of purification and quantification of plasmid DNA
B [earn the method of plasmid DNA minipreparation by alkaline lysis and the

measurement of DNA concentration by spectrophotometer

€ Backeround and Concepts

Plasmids are small double-stranded circular DNA molecules that are extrachromo-
somal and capable of replicating independently of chromosomes (Fig. 1.1). They
are largely found in bacteria and sometimes occur in eukaryotic organisms. Some
plasmids can be transferred from one organism to another, and some are capable
of integrating into the host genome. Plasmid sizes range from 1 to over 300 kb.
Some small plasmids and host cell genomic DNA share a set of replicative en-
zymes. Some of the large plasmids carry genes encoding enzymes that are specific
for plasmid replication.

Plasmids are commonly used as vectors for cloning genes. A number of artifi-

cially modified plasmids are employed as cloning vectors.

Plasmid DNA —O

OO ' Nucleoid
Bacterial
chromosome o

® Fig. 1.1 lllustration of a bacterium containing plasmid DNA. Plasmids: small, circular
DNA molecules within the host bacterium.
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Plasmids can be divided into several types depending on their configuration.
If both strands of plasmid DNA are intact circles, the molecules are described
as covalently closed circle DNA (cccDNA). If one nucleotide strand is bro-
ken, the resulting plasmids are described as open circle DNA (ocDNA). When
isolated from cells, cccDNAs often have two configurations, i.e., relaxed and
supercoiled (Fig. 1.2 shows the structure). Supercoiled plasmids make up the

majority of prepared plasmids.

a

@® Fig. 1.2 Cartoons showing the topology of a plasmid. a. Relaxed circle plasmid DNA. b. Super-coiled
plasmid DNA. Both of these molecules are from common bacteria. Schlick T., (1995) Current Opinion in Struc-
tural Biology 5:245-262. With permission from Elsevier.

One way to classify plasmids is by the copy number in host cells. A stringent
plasmid occurs at a low copy number in cells. Stringent plasmids only replicate
along with the bacterial chromosome and are present as single copies or at most
several copies per cell. A relaxed plasmid is one that replicates independently of
the bacterial chromosome. Relaxed plasmids are present at a high copy number
(approximately 10 to 500 copies per cell). Multicopy plasmids have the property
of being able to replicate continuously, even when protein synthesis in the host

cell is restrained by antibiotics.

Bacteriophages, plasmids, and other agents serve as tools for transferring a foreign
or modified gene to a living organism. These molecules that are used as carriers in
gene cloning experiments are termed vectors. The vector is generally a DNA mol-
ecule that serves as the “backbone”. Vectors are typically used to isolate, multiply,
or express the insert (foreign gene) in target cells. Therefore, a vector usually pos-
sesses elements for DNA manipulation and autonomous replication in host cells.

Identifying and screening the transformed host cells also depend on the properties
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of the vector and sometimes the insert. Commonly used vectors contain a select-
able marker (such as an antibiotic resistance gene), a multiple cloning site (MCS)
or poly-linker, and the origin of replication (ori). Some vectors also contain ad-
ditional genes for selection, such as the lacZ’ gene (Fig. A.3, see App. Il ). Fig. 1.3

shows the typical structure of a vector.

Multiple

cloning site
Promoter

Selectable Origin of
marker replication

—

® Fig. 1.3 The structure of a vector.
2.5 Methods for bacterial lysis

An obvious prerequisite for plasmid DNA purification is cell disruption. The most
commonly used methods are as follows:

1. Alkaline lysis: 0.2 M NaOH+1% SDS (m/V) is used.

2. Boiling lysis: bacterial cells are boiled for 40 s.

3. Lysis with SDS:10% SDS is generally used for large-scale plasmid purification.

-

2.6 Principle of plasmid DNA purification

Based on the properties of DNA molecules, heat, organic solutions (such as urea),
and pH extremes can denature double-stranded DNA. After the temperature or pH
is returned to the normal range, the two strands rewind, or anneal, to form the intact
duplex. Therefore, chromosomal DNA in cell extracts remains in a high-molecular-
weight form but can be denatured over a narrow pH range (12.0-12.5). In contrast,
cceDNAs are partially denatured. Upon neutralization with acidic potassium acetate,
the chromosomal DNA renatures with difficulty and aggregates to form an insoluble

network along with precipitated denatured proteins, but ccc plasmid DNA remains in



Experiment 1

a native state after rapid renaturation to its supercoiled form (Fig. 1.4). Cleared lysate
containing plasmid DNA can then be obtained by centrifugation. Plasmids are concen-
trated by ethanol precipitation or recovered using a commercial column with a suitable
solid-phase support for plasmid adsorption and elution. RNA can be destroyed using
ribonuclease in conjunction with the alkaline lysis method.

Many factors affect the yield and purity of plasmid DNA. Both dissolution
of the cells and incomplete lysis result in greatly reduced recoveries of plasmid
DNA. Appropriate operation and careful control of the alkaline denaturation and

renaturation steps can prevent contamination.

Denaturation =

{ \ Renaturation
\\ pH 7.0
-

Centrifuge

Pellet containing
chromosomal DNA molecules,

denatured protein, etc. @

® Fig. 1.4 Principle of plasmid purification using the alkaline method. a. Chromosomal
DNA as linear fragments; plasmid as covalently closed circular DNA. b. Denatured plasmid DNA strands

remain interlocked; linear DNA fragments separate. c. If acid is added, interlocked plasmid strands
snap together; bacterial genomic DNA strands aggregate into a tangled mass with proteins, mem-

branes, and other molecules.
2.7 Determination of DNA concentration

Several methods are used to determine the concentration of DNA in solution. One
method is measuring UV absorbance (optical density) by spectrophotometer. Another
method is comparing the fluorescence intensity of the DNA bands of unknown con-
centration with that of a standard DNA marker in agarose gels stained with ethidium
bromide (EtBr) after electrophoresis. Finally, DNA concentration can be calculated by
determining the fluorescence intensity of intercalating fluorescent dyes (such as

Picogreen™, Molecular Probes) in the DNA samples.



Preparation of Plasmid DNA

UV absorbance spectrophotometry

This method is based on the strong absorbance of DNA nitrogenous bases (A, T,
G, C) at a wavelength of 260 nm. The absorption coefficient varies according to
different pH levels of a solution. Given the effect of solvents, a neutral pH solu-
tion is not only normally used in sample purification but is also used in dilutions
for the measurement of DNA concentration.

At a wavelength of 260 nm, an absorbance of 1.0 corresponds to 50 pg of double-
stranded DNA per mL. Because the absorption maxima for DNA and protein are
260 nm and 280 nm, respectively, the absorbance value is also measured at 280
nm to determine the purity of a DNA sample. With a pure sample of DNA, the ra-
tio of the absorbance at 260 nm and 280 nm (A,¢/A,g) is 1.8. Ratios less than 1.8
indicate that the preparation may be contaminated with protein or other materials.
Otherwise, the contaminate may be RNA or other substances, e.g., the buffer com-

ponents used for lysis, that remain in the DNA eluate.

€ Materials and Equipment

3.1 Materials

E. coli DH5a harboring pCMV-Myc-SIPAR (Fig. 1.5) is used in this experiment.

"CMV IE ¢
EcoR

Amp"

pCMV-Myc-SIPAR
5.7 kb

Insert fragment

SV40 poly A

Xho |

® Fig. 1.5 Restriction map of pCMV-Myc-SIPAR.

B pCMV-Myc(Clontech, TaKaRa) is a type of expression vector for mammalian cells
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B Suitable host strains: DH5a, HB101, and other general-purpose strains

B Selectable marker: the plasmid confers its £. coli hosts with resistance to ampi-
cillin (100 mg/mL)

B E. coli replication origin: pUC

B Copy number: ~500

3.2 Reagents

LB (Lygogeny broth or Luria-Bertani) medium, culture me-
dium for E. coli

Tryptone 10 g/L
Yeast extract Sg/L
NaCl 10 g/L

Adjust pH to 7.0 with sodium hydroxide, autoclave, and store at 4°C after cooling.
Add ampicillin to a final concentration of 50 pg/mL before use. For preparing LB
agar plates, add 15 g of agar to 1 L of medium before autoclaving. Pour the medi-
um into sterilized plates after the agar flask is cool enough to hold. Add antibiotic

before pouring plates if necessary.

Plasmid DNA purification

Any commercially available kits for plasmid DNA purification can be used. In
this experiment, the TIANprep Mini Plasmid Kit (TIANGEN) is used. This kit is
designed to extract and purify plasmid DNA from E. coli cells. The cells are lysed
using the alkaline/SDS procedure. The lysate is then applied to a centrifugal col-
umn with specific silicon adsorption material that selectively binds plasmid DNA
in high-salt buffer. Proteins and other contaminants are removed with Wash Buf-
fers. In the following step, purified DNA is easily eluted with Elution Buffer or

deionized water and is suitable for all routine downstream applications.

Buffer BL
Buffer P1

50 mM glucose

10 mM EDTA

25 mM Tris-HCI, pH 8.0
Buffer P2

02M NaOH

1% SDS (m/V)
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Buffer P3
1M KOAc
4 M guanidine hydrochloride, pH 5.3
Wash buffer
1 mM Tris base
80% ethanol
Elution buffer
10 mM Tris-HCl
1 mM EDTA, pH 8.0
Notes

Add RNase to Buffer P1, mix, and store at 2-8C..

Add a 4-fold volume of ethanol to the Wash buffer before use!

3.3 Equipment

Constant-temperature shaker, microcentrifuge, pipette and vortexer

Procedures

4.1 Beforehand

1. Pick a single, well-isolated colony from a fresh agar plate (containing ampicillin at
50 pg/mL) and place the colony into 3-5 mL of LB medium (containing ampicillin
at 50 pg/mL). Incubate the culture overnight at 37°C with vigorous shaking.

2. Inoculate 200 mL of LB medium (containing ampicillin, 50 pg/mL) with 1-2 mL
of the fresh overnight culture containing E. coli DH5a harboring the desired
plasmid, pCMV-Myc-SIPAR. Incubate the culture at 37°C overnight in a shak-
ing incubator (200 rpm).

4.2 Purification of plasmid DNA

Notes

Carefully use pipettes in each procedure.

To prevent shearing of DNA, do not vigorously vortex after adding Buffer P2 to
the tube. Otherwise, both plasmid DNA and genomic DNA will be broken. Mix the

solution only by inverting the tubes.
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Use

> a fresh tip for each reagent. However, it is unnecessary to change tips when

adding the same reagent. The same tip may be used for all tubes, provided that the

tip has not been contaminated by any solution already in the tubes.

. Column equilibration: add 500 uL of Buffer BL to the mini-spin column.

Centrifuge for 1 min at 12,000 rpm. Discard the flow-through, and place the
column into the same collection tube.

Shake the culture to resuspend the E. coli cells.

3. Label a 1.5-mL microcentrifuge tube with your group number or initials. Transfer

10.

1.4 mL of the E. coli/jpCMV-Myc-SIPAR overnight suspension into the tube.
Harvest the cells by balanced centrifugation for 30 s at 12,000 rpm. Discard
the supernatant from the tube into a waste beaker. Take care not to disturb the
cell pellets. Invert the tubes and blot onto a clean paper towel to remove as
much of the remaining supernatant as possible.
Repeat the steps above to collect more E. coli cells. Discard the supernatant
after centrifugation.
Add 250 pL of ice-cold Buffer P1 to the tube. Resuspend the pellets by vortexing
or pipetting up and down several times. Hold the tubes up to the light to check that
the suspension is homogeneous and that no visible clumps of cells remain.
Without sufficient suspension, the efficiency of the plasmid purification will be poor!
Add 250 pL of room temperature Buffer P2 to the tube. Close the cap, immediate-
ly invert the tube gently several times, and incubate the tube on ice for 1-2 min. Do not
exceed this period! The solution will become relatively clear with bacterial lysis.
Add 350 pL of Buffer P3 to the tube. Close the cap and invert the tube gen-
tly several times. A white precipitate will immediately appear. Place the tube
on ice (or at room temperature) for 5 min and centrifuge at 12,000 rpm for
10 min. Befor centrifugation, incubate the tube on ice for better results!
Transfer the supernatant from step 8 to a mini-spin column. Centrifuge at
12,000 rpm for 30 s. Discard waste liquid in the collection tube and return the
column to the collection tube.

Wash the column by adding 700 uL of Wash buffer to the column and cen-

trifuge at 12,000 rpm for 1 min. Discard the flow-through and return the col-

umn to the collection tube.

Add ethanol to Wash buffer before use! Without ethanol, plasmid DNA will be

washed down with other contaminants. The recovery efficiency will be poor!

Wash the column by adding 500 pL of Wash buffer and centrifuge at 12,000

rpm for 1 min. Discard the flow-through and return the column to the collec-
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tion tube. Centrifuge again at 12,000 rpm for 2 min. Eliminate the wash buf-
fer as thoroughly as possible. Prolong the centrifugation time or use a pipette
to remove the wash solution if necessary. Open the cap of the collection tube
and keep it at room temperature for 1-2 min. The ethanol present in the wash
buffer will impact the subsequent enzyme-catalyzed reactions.

Carefully transfer the column to a new 1.5-mL microcentrifuge tube. Add
50 puL of Elution buffer or water into the column, allow it to stand at room
temperature for 5 min, and centrifuge at 12,000 rpm for 1 min. Elution buffer
or water should be added in the middle of the adsorption material to guaran-
tee that all the plasmid DNA is recovered. To increase the recovery efficiency,
increase the elution volume or elution times if necessary. RNase A (0.5 uL, 10
mg/mL) can be added to the purified plasmid to completely eliminate RNA. If
the molecular weight of the purified plasmid exceeds 10 kb, warm the Elution

buffer or water to 70°C prior to elution.

3 Determination of the DNA concentration using a UV

spectrophotometer

. Add 4 pL of plasmid to 96 puL of ddH,O (double distilled water) (1:25 dilution)

in a 1.5-mL microcentrifuge tube.
Measure a blank with only ddH,O in a cuvette and set the A, and A, values
of the UV spectrophotometer to zero.
Measure sample: remove ddH,0 and add the sample to the cuvette, then record
the absorbance at 260 nm and 280 nm.
A, 18 used to calculate the nucleic acid concentration of samples:

if Ay=1, »

the concentration of double-stranded DNA is 50 pg/mL, and

the concentration of single-stranded DNA is 33 pg/mL.
The ratio of A,/A,4, can be used to estimate the purity of nucleic acid samples.
Generally, the ratio of pure DNA is 1.8. If the ratio is less than 1.8, DNA may
be contaminated by protein or other material.
Record the A, and A.g, values and calculate the concentration and purity of
the plasmid DNA according to the following formula:

dsDNA=50 x (OD,,) x dilution factor (unit: pg/mL).

UV spectrophotometer
EPPENDORF BioPhotometer The concentration shown in the spectrophotometer

9
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has already taken the dilution factor into account (See App. Ill.4). NanoDrop (Thermo
Scientific) or NanoPhotometer (IMPLEN) spectrophotometers can also be used to de-

termine DNA concentration using a similar procedure but without requiring dilution.

A

Overnight culture

@%@%%T v@i
@ N/ -
Centrifuge | Centrifuge 2 Y/

Repeat | Vortex mixture
Equilibrate column Harvest 2.8 mL bacterial culture Resuspend cells
(Buffer BL) & remove culture media (Buffer P1)

|

D N=—=A
Pellet i C

entrifuge

Centrifuge

Bind DNA Neutralize Lyse cells
(Buffer P3) (Buffer P2)

e ——— e ——
Centrifuge Centrifuge
) Repeat |
Wash Elute plasmid DNA
(Wash buffer / twice) (Elution buffer / ddH.0)

® Fig. 1.6 Flow diagram of plasmid DNA purification.



